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NEUTRINOS DETERMINE DYNAMICS & NUCLEOSYNTHESIS IN MERGERS

Lanthanide

Metzger & Fernandez (2014)

Nevtrinos can:
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1. Cool the disk W l

2. Drive outflows
3. Protonize outflows
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31Ms AFTER MERGER
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How/where are the neutrinos transporting leptons and energy?
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Relative Abundance
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MONTE CARLO GRMHD SIMULATION
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Accurate simulations can be matched to observables.
But are expensive.
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Relative abundances

PARAMETER STUDIES REQUIRE MANY SIMULATIONS
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But approximations induce errors.
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EXACT METHODS CAN IMPROVE APPROXIMATE METHODS

Moment-based results
qualitatively
match Monte Carlo results.

(8102) ++402n04




HOW IS TRANSPORT SIMULATED?



A DEEPER LOOK AT THE NEUTRINOS

Standard Model of Elementary Particles

three generations of matter
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But the neutrino flavors are mixed!
(Pontecorvo 1968, Wolfenstein1978, Mikheev & Smirnov 1985)
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NEUTRINO TRANSPORT

(How MANY NEUTRINOS ARE WHERE AND MOVING IN WHAT DIRECTION?)

Monte Carlo
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3D background
Spawn in random location...
Move in random direction...

For a random distance...
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Scatter to a random direction
and energy

Continue until the neutrino
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30 general relativistic calculations of Boltzmann neutrino transport.



NEUTRINO TRANSPORT

(How MANY NEUTRINOS ARE WHERE AND MOVING IN WHAT DIRECTION?)

Two-Moment
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IF THE CLOSURE IS PERFECT,
THE MOMENT EQUATIONS ARE EXACT.



THE MOMENT CLOSURE
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Guess the pressure tensor using only the flux factor.



THE MOMENT CLOSURE
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PRESSURE SHAPE AN ORIENTATION
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Anisotropy: how different is the pressure in different directions?

Oblateness: is the pressure in one direction smaller than the other two directions?




THE MOMENT CLOSURE IN 1D
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ASSUMPTION 1:
THE PRESSURE IS A FUNCTION ONLY OF FLUX

——— Kershaw
Wilson
—— Levermore

Distinct Branches

No closure fits everything
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ASSUMPTION 2:
PRESSURE IS LARGEST IN THE DIRECTION OF FLUX

Largest
eigenvalue

Pressure is largest or smallest
in direction of flux
(*10%)

Largest OR smallest
eigenvalue




ASSUMPTION 3.

THE PRESSURE TENSOR IS PROLATE

The pressure tensor takes on full range of oblatenesses.



ASSUMPTION Y-
THE THIRD MOMENT CLOSURE IS THE SAME

Distinct Branches

No closure fits everything

The third moment has the same problems, but not the same closure as the pressure tensor.




SO HOW CAN WE
ACTUALLY IMPROVE CLOSURES?



Radius [km]

SUPERNOVAE WiLL BENEFIT, TOO!
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SUPERNOVAE WILL BENEFIT,

---- Levermore
---- Minerbo
---- Janka
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Flux Factor
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SUPERNOVAE WILL BENEFIT, TOO!
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https://docs.google.com/file/d/1cP3_qma24nzd_2bpsWLPc_ifCArK2Bf4/preview

How cAN WE IMPROVE CLOSURES?

Correlation between anisotropy and oblateness Separate closure for third moment
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How cAN WE IMPROVE CLOSURES?

Errors before fix:

Errors after fix:

Closure P;g © A Lgy Ly Clo:s*urc Prs @ A

thick 0.16 0.35 0.25 0.05 0.031 thick 0.16 0.35 0.25
thin 0.6 0.33 0.85 0.1 0.089 thin 0.41 0.33 0.85
Kershaw  0.051 0.33 0.089 0.038 0.026 Kershaw  0.047 0.15 0.089
Wilson 0.042 0.37 0.078 0.03 0.019 Wilson 0.038 0.15 0.078
Levermore  0.036 0.33 0.08 0.031 0.018 Levermore  0.034 0.15 0.08
MEFD 0.033 0.33 0.083 0.029 0.016 MEFD 0.033 0.15 0.083
MEFD maxpack 0.074 0.39 0.079 0.025 0.015 MEFD maxpack 0.059 0.17 0.079
MEFD classical 0.033 0.33 0.082 0.029 0.016 MEFD classical 0.033 0.15 0.082
ME 0.033 0.33 0.082 0.029 0.016 ME 0.033 0.15 0.082
Jankal 0.035 0.33 0.083 0.026 0.014 Jankal 0.036 0.15 0.083

Janka?2 0.038 0.33 0.07 0.03 0.016 Vinla2 0.035 0.15 0.07

(some statistical noise still present - doing longer runs)
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CONCLUSIONS

Moment closures for neutrino Demonstrated possibility for

transport fail in 30 relativistic particle methods to
environments. improve the moment closures.
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